The results of calculation of the effective recombination coefficients (ERC), supplemented by data from the literature, are presented for the ions CII-CIV, Nili, NIV and OIII-OV. The contributions from both the radiative and dielectronic recombination to ERC are taken into account. Functions X(T e ), connecting the recombination line intensities, with the abundances of the recombinated ions are obtained. Using the observed recombination line intensities, the abundances of C, Ν and O in 61 planetary nebulae have been determined. Ionization correction factors are obtained from the ionization models of Aller and Czyzak (1983) .
Introduction
The presence of weak recombination lines of ions of C, Ν and O is a prominent feature in the spectra of planetary nebulae. These lines are very useful for the determination of element abundances. In low density plasmas of gaseous nebulae, recombination mainly proceeds to the ground states of ions. Some of the exceptions from this rule have been considered by Nikitin and Kholtygin (1980) and Kholtygin (1981) .
Recombination followed by cascade transitions is an important mechanism of populating the high atomic levels. Total recombination rates include both the radiative and dielectronic recombination.
Here three-body recombination is unimportant. The contribution of the radiative and dielectronic recombination will be considered separately.
Extensive tables of the effective recombination coefficients for the lines excited by dielectronic recombination have been presented by Nussbaumer and Storey (1984 , 1986 . Unfortunately, there are no such tables for most of the lines excited by the radiative recombination except for those of H and He ions.
As related to the problem treated in the present paper, we should mention the results of calculations by Burgess and Seaton (1960) for Olli, ΟΙV and OV, by Leibowitz (1972) for CIV and by Escalante and Victor (1990) for CI and Nil and the results of extensive calculations of our group (Feklistova 1980 , Kholtygin 1981 , 1984 , Nikitin et al. 1984 , Bogdanovich et al. 1985 , as well as summaries by Nikitin et al. 1988 and Golovatyj et al. 1991) for CU, CHI, NIII, NIV, OHI, OIV and OV.
In a recent paper by Pequignot et al. (1991) , the results of calculations of the effective recombination coefficients in hydrogenic approximation corrected for some multi-electron effects for the CI-CVI, NI-NVII, OI-OVIII ions are presented. Unfortunately, in this work some of important lines observed in the spectra of planetary nebulae have been omitted. We have selected most reliable data for the dominant recombination lines in the spectra of planetary nebulae. Corresponding approximation formulae of the effective recombination coefficients are presented in Section 2. These coefficients are used for the C, Ν, 0 abundance determination for 61 planetary nebulae, the results being given in Section 3.
Effective recombination coefficients
The effective recombination coefficient a| ) at which level k is populated by recombination and all subsequent radiative cascades by r k = n e n + af(
where n e and n 
where the branching ratio Β ti is the probability of decay via transition with the wavelength Xki with respect to the total probability of the radiative decay of level k. The emissivity (in erg cm -3 s _1 ) of the line Xki is Eki = ne n + a¿f hvki,
where huki is the energy of the line k -> i. Following the papers by Nikitin et al. (1988) and Golovatyj et al. (1991) , we use an approximation formula / rp \ ηπί = ' (4) where i]ki is a fit constant for the corresponding transition.
A slight modification of expression (4) has been carried out by Pequignot et al. (1991) Here we will use the Pequignot et al. (1991) notations for all recombination lines, so we convert our approximation formula (4) into their form. The results of computation of ΞΥ are given in Table 1 . The values Y in units 10-14 cm 3 s _1 for Te = 10 4 Κ for ions of C, Ν and 0 have been taken from the papers referred to in the table, using a pure photorecombination approximation.
Planetary nebulae are transparent for photons of recombination lines and thus the luminosity corresponding to transitions between states k and i of ion A is given by the expression Ek i = hvki j ne n + aft dV.
Using the averaged values of ne and a e ¡^ and denoting the total number of ions A + by N(A + ), we can write Eq. (6) as £jt¿ = /n^af(Te)ñeiV(A + ). From (7) it follows that the line intensity ratio (decrement) for recombination lines can be written in the following form:
The contribution of dielectronic recombinations we have taken as treated by Nussbaumer and Storey (1983 , 1984 , 1986 . The values of total recombination coefficients, = «# + «?;,
are given in Table 2 . As usual, two simple limiting cases can be distinguished: case A -all transitions of the ion are assumed optically thin, case Β -all transitions involving directly the ground state are assumed optically thick. Notation A,Β is used for the average between A and Β values, when their differences do not exceed 20%. Thus we use the values labeled as A,Β for the cases when we get the same result in the lines of the ion under consideration for both the transparent and thick planetary nebulae. A comparison of our results presented in Tables  1 and 2 with those by Pequignot et al. (1991) shows that the error in the values of effective recombination coefficients in any case does not exceed 50%.
Abundances of C, Ν and O in planetary nebulae
The present state of determination of element abundances from recombination spectra of planetary nebulae and the corresponding formulae have been presented in the papers by Kholtygin (1981 Kholtygin ( , 1984 , Nikitin et al. (1988) and Golovatyj et al. (1991) .
The abundance ratio of a given ion A + relative to H + can be estimated from
The coefficient X(Te) can be expressed by X(Te) = xo(Te/10 4 )".
The numerical values of approximation parameters χ o and η, obtained with the effective recombination coefficients for lines of the C, Ν and O ions from Table 2 are given in Table 3 . Using the above formulae, we estimated the abundances of the C, Ν and O ions and atoms in 61 planetary nebulae by using the data on line intensities from the papers by Kaler (1976) , Czyzak (1979, 1983) and Aller and Keyes (1987) and the correction factors due to observationally lacking ions according to the papers by Aller and Czyzak (1983) and Nikitin et al. (1987) . The results are given in Table 4 . In some cases, only the lower limits of the abundances could be obtained. These limits are marked by >. the "collisional" abundances. As it has been shown, for example, by Kholtygin and Feklistova (1992) , this circumstance is probably caused by temperature and density inhomogeneities in planetary nebulae. Ν and O. The contributions from both the photorecombination and the dielectronic recombination are included. The total element abundances of C, Ν and O in 61 planetary nebulae have been determined using the intensity of recombination lines. Analysis of these data indicates systematic overabundances of the recombinational abundances. The reason of this may probably be thermal and density inhomogeneities in nebulae.
